Background
Thrombophilia is defined as a predisposition to thrombosis. It is caused by inherited or acquired causes. Genetic causes include antithrombin III, protein C, protein S, factor V Leiden, prothrombin 20210A allele, and MTHFR mutations [1] . Other genetic factors causing thrombosis or pulmonary embolism have been identified in recent studies, including factor VIII [2] and plasminogen activator inhibitor-1 (PAI-1) [3] . Acquired factors include neoplasms, oral contraceptive use, immobilization, immune diseases as the antiphospholipid syndrome [4] , and surgery. The treatment is parenteral anticoagulation in the acute phase, and warfarin and the new oral anticoagulants (NOAs) in the chronic phase. Presently, the effectiveness of NOA therapy is unclear in inherited thrombophilia, as there is little evidence available in the literature. The duration of therapy depends on the type and severity of thrombosis. In hereditary thrombosis, its duration is above 6 months if the risk of recurrence is high and the bleeding risk is low. Extended treatment is justified by a high probability of recurrence after the first thrombosis or pulmonary embolism episode (25% after 5 years [5] , and 30% after 10 years [6] ) and high mortality rates (mortality rate is 6% for vein thrombosis and 12% for pulmonary embolism within 1 month of diagnosis) [7] . In this paper, we present the effects of Rivaroxaban treatment in a family suffering from hereditary thrombophilia.
Case Report
We present the case of a family suffering from recurrent thrombosis and pulmonary embolism due to hereditary thrombophilia, under treatment with Rivaroxaban.
A 56-year-old female patient was admitted to our Department of Emergency Medicine for deep vein thrombosis (DVT) of the right lower limb. Past medical history revealed that the patient had essential hypertension, and a previous episode of idiopathic venous thromboembolism treated with vitamin K antagonists (VKA) for a 3-month period.
She denied oral contraceptive use, recent surgery, immobilization, and exposure to other thrombosis risk factors, but she reported similar episodes involving her relatives, which is why we recommended the patient and some of her relatives (because 2 of them died of pulmonary embolism and 21 relatives were not available) undergo genetic testing.
Genetic tests revealed that 14 subjects (3 sisters and 11 grandchildren of the patient) were homozygous for PAI-1 4G/4G polymorphism, 4 individuals (2 brothers and 2 grandchildren of the patient) were homozygous for PAI-1 4G/4G polymorphism and MTHFR C677T/A1298C polymorphisms, and 3 individuals (1 sister and 2 grandchildren of patient) were heterozygous for PAI-1 4G/4G polymorphism and MTHFR C677T/ A1298C polymorphisms ( Figure 1 ).
The first 2 group of patients suffered from recurrent DVP and pulmonary embolism, although they were treated with VKA. We prescribed Rivaroxaban to the patients in the first 2 groups.
They have been regularly followed as outpatients since November 2014 and, to date, no patients have developed DVT, pulmonary embolism, or bleeding, which demonstrates that Rivaroxaban is effective for the treatment of hereditary thromboembolism.
Discussion
The present case involves Rivaroxaban treatment in a family affected by hereditary thrombophilia. This disorder is caused by altered transcription of antithrombin, protein C, protein S, factor V Leiden, prothrombin 20210 A allele, MTHFR, and PAI-1 genes.
In this family, we documented the presence of homozygous 4G/4G polymorphism of the PAI-1 gene in 14 subjects, homozygous 4G/4G polymorphism of the PAI-1 gene and C677T/ A1298C polymorphism of the MTHFR gene in 4 subjects, and heterozygous 4G/4G polymorphism of the PAI-1 gene and C677T/A1298C polymorphism of the MTHFR gene in 3 subjects. Involvement of the PAI-1 gene has been described in recent literature [8] . Although current guidelines do not provide specific recommendations regarding the use of novel oral anticoagulants in hereditary thrombophilia, clinical trials with NOACs show overall success in the population treated with warfarin. In addition, there are controversial data concerning the efficacy of Rivaroxaban: Wypasek reported no resolution of venous thromboembolism with Rivaroxaban treatment in 2 patients (with overall superiority of enoxaparin), while Mertinelli, Cook, and Plander showed superior effectiveness of Rivaroxaban versus enoxaparin in 3 cases of hereditary thrombosis [9] .
The patient in our study suffered from recurrent episodes of thrombosis despite long-term treatment with warfarin, which is why we decided to switch to Rivaroxaban, a direct factor Xa inhibitor, which is approved for acute and long-term treatment of DVT and PE. In the EINSTEIN study, Rivaroxaban was administered to a small population with inherited thrombophilia, but the types of genes involved were not reported [10] . Accordingly, further studies are needed to assess the efficacy of Rivaroxaban in these particular patients with thrombophilia.
Conclusions
In this article we want to emphasize, first of all, the efficacy of Rivaroxaban and its superiority over warfarin in this type of inherited thrombophilia, even though vitamin K antagonists still remain the criterion standard for management of these patients. Clearly, clinical trials are needed before Rivaroxaban can be recommended as a standard treatment for this disorder. Secondly, we want to highlight the importance of personal and family history in the diagnosis of hereditary thrombophilia. Thirdly, we emphasize the need to take into consideration rare mutations. Finally, accurate diagnosis is essential to initiate proper treatment.
